Oxidative stress has been shown to be important in several neurodegenerative disorders. Previous in vitro studies have already demonstrated the ability of a prion protein fragment to induce oxidative stress in cultured cells. By immunohistochemistry for nitrotyrosine (NT) and heme oxygenase-1 as markers for oxidative stress, we found widespread neuronal labeling for NT in scrapie-infected mouse brains, in agreement with peroxynitrite mediated neuronal degeneration. Damage by free radicals is a likely cause for neurodegeneration in prion disease, and antioxidants are a potential therapy of these disorders.
INTRODUCTION
Transmissible spongiform encephalopathies (TSEs) or prion diseases are infectious, inherited, or sporadic neurodegenerative disorders [for a review see (Prusiner, 1998) ]. Human TSEs include CreutzfeldtJakob disease (CJD), Gerstmann-Sträussler-Scheinker disease, kuru and fatal familial insomnia. Animal prion diseases include most notably scrapie and bovine spongiform encephalopathy or "mad cow" disease. Spongiform change, astrogliosis, and neuronal loss are the classical neuropathological triad of tissue lesioning in TSEs. Recent studies showed diffuse, early and severe loss of parvalbumin positive (PVϩ) neurons in human and experimental TSEs (Guentchev et al., 1998 (Guentchev et al., , 1999 , suggesting such selective neuronal vulnerability is possibly related with typical symptoms in CJD. However, the cause for and mechanism of neuronal loss is yet unknown.
There is increasing evidence that oxidative stress, resulting from damage by free radicals to lipids, carbohydrates, proteins, and DNA, is involved in neuronal death in Alzheimer's (Pappolla et al., 1998; Smith et al., 1998 Smith et al., , 1997 and other neurodegenerative diseases (Beal et al., 1997; Browne et al., 1999; Cookson and Shaw, 1999) . Moreover, several studies have suggested that the cellular prion protein (PrP c ), a molecule having a crucial role in TSE, may be involved in the cellular response and resistance to oxidative stress (Brown et al., 1997b (Brown et al., , 1998b Choi et al., 1998; Wong et al., 1999) , showing that neurons and astrocytes from mice deficient in PrP c are more sensitive to oxidative stress (Brown et al., 1998a (Brown et al., , 1997c .
In this study we investigated whether free radicals damage is involved in the neuronal degeneration of an experimental TSE model. We used immunohistochemistry for nitrotyrosine (NT), an indicator of peroxynitrite generation (Smith et al., 1997) as marker for oxidative stress, and for heme oxygenase-1 (HO-1), an enzyme leading to formation of antioxidant molecules (Smith et al., 1994) .
MATERIALS AND METHODS
Ten terminally diseased mice which had been intracerebrally inoculated with scrapie (four ME7, two RML, four 22A strains) and 4 age-matched controls (Guentchev et al., 1998) were investigated. Mice inoculated at mean ages of 7 weeks were killed at mean 1 Both authors contributed equally to this study.
